Abstract Ag/NiO composite nanosheets and empty microspheres were fabricated by calcining the precursors synthesized via hydrothermal and solvothermal procedures involved four methods. The as-prepared samples were characterized by thermogravimetric and differential thermal analysis, X-ray diffraction, X-ray photoelectron spectroscopy, transmission electron microscopy and field emission scanning electron microscopy, respectively. The electrocatalytic properties of Ag/NiO composites modified on a glassy carbon electrode for p-nitrophenol reduction were investigated. The results showed that Ag/NiO composites exhibited highly enhanced electrocatalytic activity than a bare glassy carbon electrode, for not only the peak current increased clearly but also the corresponding peak potential decreased markedly. As a comparison, two NiO samples were used and the results showed that the peak current has an increase but the peak potentials have a slight decrease by comparing to a bare glassy carbon electrode. The Ag/NiO composites have the potential application in the electrocatalysis for the reduction of nitrophenol materials.
Introduction
The significant transition metal oxides with nanostructures generally possess numerously highlighted physicochemical properties and have been applied widely in catalysts [1] [2] [3] [4] , electrochemistry [5, 6] , gas sensors [7, 8] , biomedical materials [9, 10] and other fields. Of the oxides, nickel oxide (NiO), an important p-typed semiconductor with stable band gap, has received much attention and been extensively studied and used frequently as electrode for lithium ion batteries and funnel cells [11, 12] , catalysts [13] [14] [15] , electrochemical supercapacitors [16, 17] , dyesensitized photocathodes [18] , magnetic materials [19, 20] , etc. However, with fast advancements in all areas of industry and technology, the pure NiO nanomaterials do not meet with the increasingly expanding commands. To effectively expand the performances and broaden the applications of NiO, the focus on the investigation of nickel oxide mixing or doping with metals or other transition metal oxides have attracted much attention in recent decades, because the mixing or doping of other metals or transition metal oxides with nickel oxide can product new composite materials which may exhibit more novel physical and chemical properties [21] [22] [23] [24] [25] [26] . Noble metals with a great deal of excellent properties are mingled or doped in NiO [27] [28] [29] [30] . Of the noble metals, silver with the lowest price and good properties has been utilized most frequently. In the previous reports, Ag/NiO micro and nanomaterials have shown outstanding electrical conductivity [31] , catalytic performances for CO oxidation [32] , photocatalytic property [33] , sensor [34] , and so on. However, the electrocatalytic property of Ag/NiO composite modified on a glassy carbon electrode (GCE) has been involved seldom. In the work, Ag/NiO composite nanosheets and empty microspheres were prepared respectively by using four methods. The Ag/NiO samples were modified on a GCE, and their electrocatalytic performances for p-nitrophenol reduction in a base solution were investigated in detail. The experiments demonstrated that the modified GCEs showed high electrocatalytic activity.
Experimental

Chemicals
AgNO 3 , Ni(NO 3 ) 2 Á6H 2 O, N(CH 2 CH 3 ) 3 , (CH 2 ) 6 N 4 , urea, sodium tartrate, polyvinylpyrrolidone (PVP K-30), polyethylene glycol (PEG 6000), sodium dodecyl sulfate (SDS), and ethanol were purchased from Shanghai Reagent Co., China. All chemicals were used without any further treatment as received.
Sample synthesis
Synthesis of Ag/NiO nanosheets Ag/NiO nanosheets could be prepared with two methods. Method 1 could be described as the following: AgNO 3 and Ni(NO 3 ) 2 Á6H 2 O with total 2.5 mmol and 0.5 g PVP were dissolved completely under rigorous magnetic agitation in 45 mL of distilled water in 100 mL of beaker, then 10 mmol of (CH 2 ) 6 N 4 was added into the above system, finally the mixture was transferred into 60 mL of Teflon-lined stainless steel autoclave, which was sealed and maintained at 140°C for 12 h. When the autoclave was cooled to room temperature naturally, and the precursor was filtered and washed with distilled water then ethanol for several times, and dried in vacuum at 80°C for 12 h. By the calcination of the dried precursor at 400°C for 3 h, the sheet-like Ag/ NiO samples with different Ag contents were prepared. Ag/ NiO nanosheets also could be fabricated in method 2. AgNO 3 and Ni(NO 3 ) 2 Á6H 2 O with total 2.5 mmol and 0.5 g PEG were dissolved completely under rigorous magnetic agitation in 45 mL of distilled water in 100 mL of beaker, then 2.5 mL of N(C 2 H 5 ) 3 was added into the above system by dropwise and the stirring was kept for 30 min, finally the mixture was transferred into 60 mL of Teflon-lined stainless steel autoclave. The followed preparation procedures were the same with the ones used in method 1.
Synthesis of Ag/NiO empty microspheres Synthesis of Ag/NiO empty microspheres also could be synthesized used two methods. In method 3, the precursor of Ag/NiO empty microspheres was prepared via a solvothermal procedure referred to the previous report after a bit alteration [35] . In a typical synthesis, AgNO 3 and Ni(NO 3 ) 2 Á6H 2 O with total 2.5 mmol were dissolved fully in a solvent composed of 30 mL of absolute ethanol and 15 mL of distilled water, then 0.15 g of SDS And 20 mmol of urea were added to the above solution, subsequently the mixture was transferred into 60 mL of Teflon-lined stainless steel autoclave, which was sealed and maintained at 110°C for 15 h. As the autoclave was cooled naturally to room temperature, the precursor was filtered and washed with distilled water then ethanol for several times, and dried in vacuum at 80°C for 10 h. By the calcination of the dried precursor at 400°C for 3 h, the empty sphere-like Ag/NiO samples with different Ag contents were prepared. In method 4, the precursor of Ag/NiO empty microspheres was prepared via a hydrothermal method. Typically, AgNO 3 and Ni(NO 3 ) 2 Á6H 2 O with total 2.5 mmol, and 1 g of PEG, and 20 mmol of urea, and 5 mmol of sodium tartrate were dissolved completely in 45 mL of distilled water, and a homogeneous solution was obtained. The mixture was transferred into 60 mL of Teflon-lined stainless steel autoclave. The autoclave was maintained at 180°C for 18 h. The subsequent steps were same with the ones used in method 3.
The detailed synthesis parameters and corresponding products are listed in Table 1 .
Characterization
Thermogravimetric and differential thermal analysis experiments were performed on a Shimadzu TA-50WS analyzer in N 2 gas in the temperature range from room temperature to 780°C. The phases testing of the final samples was examined by a Philips X'Pert PROSUPER X-ray diffraction (XRD) with Cu Ka radiation (k = 0.154178 nm), using an operation voltage and current of 40 kV and 50 mA. X-ray photoelectron spectroscopic (XPS) measurement was performed with an ESCALAB 250 VG Lited XPS operated at 15 kV (hm = 1,486.6 eV). The TEM images were collected on a Hitachi Model H-800 transmission electron microscopy, using an accelerating voltage of 200 kV. The FE-SEM images were carried on a JEOL-6300F FE-SEM with accelerating voltage of 15 kV.
Electrochemical determination
The electrocatalytic measurements were carried out on LK 98 microcomputer-based electrochemical system (Tianjin Lanlike Chemical and Electron High Technology Co., Ltd., Tianjin in China). A three-electrode single compartment cell was used for cyclic voltammetry. A GCE (3.7 mm in diameter) was used as working electrode and a platinum plate (Pt) as counter electrode and a Ag/AgC1 electrode as reference electrode. Before determination, the surface of a GCE was polished carefully on an abrasive paper first, further polished with 0.3 and 0.05 lm a-Al 2 O 3 paste in turn, and then rinsed completely with doubly distilled water and absolute alcohol. A 20 mg of sample was dispersed in 4 mL of doubly distilled water under ultrasonication conditions to obtain a suspension solution. Of the suspension solution, 50 lL was withdrawn and covered on the surface of carbon of the GCE. After dried automatically in air, a modified GCE was prepared and used directly for electrochemical measurement.
Results and discussion
To determine the decomposition temperature of the precursor, the thermogravimetric and differential thermal analysis experiments of the precursor without addition of Ag prepared in method 4 were carried out. The results are shown in Fig. 1 . From the DTA curve, there is an endothermal peak locating at between 290 and 350°C, which indicates that the precursor begin to decompose and form NiO at the interval temperatures. From the TGA curve, two weight losses are detected clearly locating at between room temperature to 120 and 290-350°C, respectively. The first weight loss can be attributed to desorption of inorganic and organic molecules absorbed on the precursor, which is pertinent to the physical process and no endothermal peak on the DTG curve can be detected. The second one is ascribed to decomposition of the precursor into NiO sample, which accompanies a strong chemical endothermal peak. By increasing temperature in the range from 350 to 780°C, the weight loss does not occur, verifying formation of the stable NiO phase. Based on the TGA-DTA experiments, NiO sample can be fabricated by incinerating its precursor over 350°C. In the work, the NiO in method 4 was synthesized by calcining its precursor at 400°C for 3 h. The other experiments demonstrated that all the NiO samples in method 1-3 could be prepared by calcining the corresponding precursors at 400°C for 3 h. For the precursor containing Ag, as temperature is over 200°C, Ag phase is in stability. [36] . Hence, all the Ag/NiO composites were fabricated by calcination of each precursor at 400°C for 3 h. Figure 2 shows the XRD patterns of Ag/NiO samples with 5 % Ag content prepared in method 1 (Fig. 2a) and 2 ( Fig. 2b) , respectively. From Fig. 2a , the characteristic diffraction peaks are finely indexed as face-centered cubic NiO phase which corresponds to (111), (200) and (220) crystalline planes and a cubic Ag phase which is due to (111), (200) and (220) crystalline planes, respectively. No other diffraction peak is detected, which demonstrates that the as-synthesized composite is composed of Ag and NiO. The width of the diffraction peaks of both Ag and NiO broadens obviously, which is indicative of weak crystallization and small size of the sample. From Fig. 2b , however, only the characteristic diffraction peaks which are attributed to face-centered cubic NiO phase corresponded to (111), (200) and (220) crystalline planes are detected, and the predominantly characteristic diffraction peaks of Ag phase of (111), (200) and (220) planes, which stand at 38, 44 and 64°C or so at 2h values are not observed. The main reason may be explained as that a small amount of Ag nanoparticles with a small size are dispersed finely in the crystal lattices of NiO phase.
To verify the composition of the Ag/NiO with 5 % Ag prepared in method 2, the XPS experiment was carried out. The survey XPS spectrum of the sample is shown in Fig. 3 . From Fig. 3 , C1s peak locates at 284.6 eV, and except C, Ag, Ni, and O, no peak due to other element can be detected, which indicates that the sample ought to be consisted of silver and nickel composite oxide. The calculated molar ratio of Ag and Ni is very close to the theoretical value. By combining the XRD pattern displayed in Fig. 2b and the XPS curve in Fig. 3 , it can be confirmed the composition of the Ag/NiO composite. Figure 4 shows the XRD patterns of NiO (a) and Ag/ NiO with 3 % Ag (b) prepared in method 3 and NiO (c) and Ag/NiO with 3 % Ag (d) prepared in method 4, respectively. From curve a and c, all the characteristic diffraction peaks are in good agreement with the facecentered cubic NiO, no other peaks which are ascribed to Ni(OH) 2 , NiOOH or Ni 2 O 3 can be observed, indicating the formation of pure NiO. Additionally, the width of the peaks broadens obviously, which implies weak crystallization and small size of the samples. According to curve b, however, all the diffraction peaks in the range from 20°to 70°in 2h value of the Ag/NiO with 5 % Ag prepared in method 3 are mainly in well accordance with face-centered cubic NiO, and the characteristic diffraction peaks of cubic Ag phase are so weak that can be not observed clearly. Based on curve d, all the characteristic diffraction peaks which are attributed to both cubic phase Ag and facecentered cubic NiO are detected respectively, revealing the formation of composite Ag/NiO. Similarly, the width of the diffraction peaks in curve b and d becomes broad, also suggesting the weak crystallization and small size of the corresponding composites.
To verify the existence of Ag in the composite prepared in method 3, the XPS experiment of Ag/NiO with 3 % Ag was performed. The result is exhibited in Fig. 5 . From the survey XPS spectrum, except C (C1s peak locates at 284.6 eV), Ag, Ni, and O, there is no peak due to other element, which indicates that the composite may be composed of metal silver and nickel oxide. The determined molar ratio of Ag and Ni is very close to the theoretical value. Hence, it can be confirmed the composition of the Ag/NiO composite with 3 % Ag based on the curve b in Fig. 4 and the XPS curve in Fig. 5 . Figure 6 displays the TEM images of Ag/NiO with 5 % Ag (Fig. 6a ) and 10 % Ag (Fig. 6b) prepared in method 1 . From Fig. 6 , the two composites exhibit sheet-like morphology. For the two samples, Ag nanoparticles with a mean size of 10 nm or so are dispersed in NiO nanosheets, and Ag nanoparticles have a fine dispersivity. By increasing Ag amount from 5 % to 10, Ag nanoparticles in the composite increases obviously by comparing Fig. 6a, b . For the synthesis of Ag/NiO composite in method 1, (CH 2 ) 6 N 4 was added via a hydrothermal procedure. Ag nanoparticles could be produced easily via the reduction of Ag ? ions by HCHO released from the hydrolysis of (CH 2 ) 6 N 4 ((CH 2 ) 6 N 4 ? 6H 2 O = 6HCHO ? 4NH 3 ) [37] , and nickel ions hydrolyzed to form Ni(OH) 2 . Additionally, the addition of PVP could prevent Ag nanoparticles from agglomerating, leading to the formation of Ag nanoparicles with a mean size of 10 nm or so. Figure 7 displays the TEM images of NiO (Fig. 7a) and Ag/NiO with 3 % Ag (Fig. 7b) , 5 % Ag (Fig. 7c ) and 10 % Ag (Fig. 7d) , respectively, prepared in method 2. From  Fig. 7 , it can be seen clearly that NiO and Ag/NiO samples all are sheet-like morphology, and there are numerous caves in the nanosheets, which suggests that the nanosheets consist of nanoparticles. Furthermore, there are a certain amount of hexagonal nanosheets with a mean length of 50-60 nm in them. Additionally, a few nanorings in NiO sample (Fig. 7a) can be detected, but the nanorings can not be observed nearly in the Ag/NiO compostes ( Fig. 7b-d the protection of PEG, and Ni(OH) 2 could grow into sheetlike morphology at 140°C for 12 h. By calcining the corresponding precursor, the Ag/NiO nanosheets with hexagonal shape could be fabricated. Figure 8 shows the TEM and FE-SEM images of NiO and Ag/NiO composites with different Ag contents prepared in method 3. From Fig. 8a, b , NiO is non-uniform sized empty microspheres assembled actually of numerous nanoplates with a mean thickness of 10 nm or so. The size of the larger microshperes reaches around 3 lm. With addition of 1 % Ag, the Ag/NiO composite still possesses the empty sphere structure, and these microspheres also are composed of nanoplates (Fig. 8c-e) . From the TEM images shown in Fig. 8c, d , the portion in center is blacker than the ones in border, which indicates the sample possesses empty structure. Based on Fig. 8f-h , similarly, the Ag/NiO composite with 3 % Ag still displays an empty microsphere structure. However, from the magnified FE-SEM image shown in Fig. 8h , the Ag/NiO composite is not assembled by nanoplates like the NiO or Ag/NiO with 1 % Ag but by the worm-like structures which are composed possibly of nanoparticles. The change of the structure may be caused by the addition of a large amount of Ag. In the synthesis of method 3, SDS was used as surfactant which can serve as template, ethanol was used for solvent and the reductant of Ag ? , and urea hydrolyzed and decomposed into NH 3 and CO 2 . NH 3 hydrolyzed with water and released hydroxyl anions which reacted with Ni 2? ions to form Ni(OH) 2 precursor. Meanwhile, CO 2 could form numerous gaseous bubbles that served as heterogeneous nucleation centers for multi-crystalline aggregation, leading to formation hollow structured precursors. By incinerating the precursor, NiO and Ag/NiO empty microspheres could be prepared. Figure 9 exhibits TEM and FE-SEM images of the Ag/ NiO with 1 % Ag (Fig. 9a-c ) and 3 % Ag (Fig. 9d, e) prepared in method 4. From Fig. 9 , the Ag/NiO samples with different Ag contents all are the empty microshperes, and these microshperes have a uniform size of 380-400 nm. From Fig. 9c , the microspheres have a rather high output. According to the TEM images, Ag nanoparitcles with a mean size of 15 nm or so can be seen clearly, and these Ag nanoparticles are inset in the NiO empty microspheres which assembled by numerous NiO nanoplates with a mean size of 10 nm or so. By comparison with the samples prepared in method 3 and 4, the microspheres fabricated in method 4 not only have the smaller size but a rather uniform size than that in method 3. Although the growing mechanism of the samples prepared in method 4 is similar basically to the one in method 3, there is evident difference between them. concentration and not only was favorable for the precursor to grow orderly but restricted the precursor to grow fast. Hence, the final samples prepared in method 4 have a smaller size than the ones in method 3. The electrocatalytic performances of NiO samples prepared in method 2 and 3 as well as Ag/NiO with 5 % Ag prepared in each method modified on a GCE for the reduction of p-nitrophenol in a base solution were investigated using a cyclic voltammetry method. The results are shown in Figs. 10 and 11 . From Fig. 10 , a bare GCE exhibits weak activity, for its peak current is only 40 lA at a potential of -1.046 V (curve 1). As the GCE modified with NiO prepared in method 2 and Ag/NiO with 5 % Ag prepared in method 1 and 2, respectively, the corresponding peak currents are 75, 89 and 86 lA, respectively, which potentials locate at -1.023 (curve 2), -0.725 (curve 3) and -0.739 (curve 4), respectively. By comparison with a bare GCE, the modified GCEs all show an enhanced electrocatalytic activity, for the peak currents with NiO and Ag/ NiO in method 1 and 2 are 1.9, 2.2 and 2.1 times bigger than that with a bare GCE. By comparing with the bare GCE, in spite of the increased peak current with NiO, its peak potential has a slight decrease with 0.023 V, however, the peak potentials have an obvious decrease with 0.321 and 0. 307 V respectively by using the GCE with Ag/NiO with 5 % Ag prepared in method 1 and 2. From Fig. 11 , by comparison with a bare GCE (curve 1), the GCE with NiO (curve 2) and Ag/NiO with 5 % Ag prepared in method 3 (curve 3) and Ag/NiO with 5 % Ag prepared in method 4 (curve 5) all display enhanced electrocatalytic activity, for the corresponding peak currents are 74, 82, 84 lA, respectively at the potentials of -1.020, -0.764 and 0.719 V, respectively, and their peak currents are 1.9, 2.2 and 2.1 times bigger than that with a bare GCE. Similarly, by comparing to a bare GCE, although the peak current has an obvious increase with NiO, the peak potential has a slight decrease with 0.026 V. The Ag/NiO samples display effective elctrocatalytic activity, for not only their peak currents have clear increase but also their peak potential decrease evidently with 0.284 and 0.327 V with the Ag/ NiO in method 3 and 4, respectively. Based on Figs. 10 and 11, in a whole, the Ag/NiO samples with 5 % Ag content prepared each method all show the higher electrocatalytic activity for p-nitrophenol reduction than that with NiO, and much higher than the that with a bare GCE. The enhanced catalytic activity can be attributed to addition of Ag nanoparticles to NiO materials, for Ag nanoparticles have efficient electron transfer function and higher catalytic activity [31] . Because the peak potentials have an obvious decrease using the Ag/NiO samples, a great deal of energy can be saved as the GCE modified with the Ag/NiO samples shall be applied industrially.
To examine the effect of Ag amount on the electrocatalytic property of catalyst for p-nitrophenol reduction in a base solution, the GCE modified with Ag/NiO with 1, 2, 3 and 4 % Ag contents prepared in method 4 were used, respectively. The results are shown in Fig. 12 . According to Fig. 12 , by increasing Ag content from 1 to 4 %, all the peak potentials decreased over 0.28 V and the corresponding peak currents increased 1.7 times bigger than that with a bare GCE. Furthermore, the peak current increases first (Ag content from 1 to 3 %) then decreases (Ag content from 3 to 4 %). The Ag/NiO sample with 3 % Ag shows the highest activity according to Figs. 11 and 12 . The main reason may be due to the severe agglomeration of Ag atoms with a higher Ag content and decrease of Ag atoms in surface of Ag/NiO catalyst, leading to decrease of electrocatalytic activity.
Conclusion
Ag/NiO composite nanosheets and empty microspheres were synthesized successfully via the facile and easily controlled hydrothermal and solvothermal procedures by using four methods. The Ag nanoparticles in the nanosheets and empty microspheres have fine dipersity. The Ag/ NiO composites modified on a GCE exhibited enhanced electrocatalytic activity by comparing to a bare GCE, and p-nitrophenol could be reduced with the larger currents at the lower potentials on the GCE modified with Ag/NiO composites prepared in each method.
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